INTRODUCTION

Building research institutes, and National Institute for Land and Infrastructure
Management, have come to use physically based simulation models for fire propagation in urban areas [1] as a tool for estimating fireproof performance in urban areas.
However, the need for higher accuracy models has pushed forward their development, while at the same time it is necessary to construct several sub-models. In the present research, we have constructed a fire pattern model through experiments elucidating the process of fire ejection through an opening in a compartment, which ranks as the most important type of sub-model. Furthermore, it has been validated by applying it to urban area fire propagation simulation models. Figure 1 shows an overview of the equipment used in the experiment. The fire compartment is a cube with inside dimensions of 0.8 m, constructed from ceramic fiber boards (25 mm thick). The opening (B × H) is located in the center of the leeward-side wall which is perpendicular to the direction of the wind. The fire source is a gas burner, and the fire source area is 0.3 m × 0.3m. The burner is set at the center of the compartment floor, and the upper surface is level to the surface of the floor. Propane gas is used as fuel. Table 1 shows the parameters of the experiment. In this experiment, the breadth B of the opening, the height H of the opening, as well as the heat release rate are regarded as parameters. 
EXPERIMENTAL OVERVIEW
Equipment used in the experiment
Experimental parameters
Measured variables
In order to measure the temperature of the ejected flame and the fire plume, K-type thermocouples were installed at the center of the opening, such that the measurement plane is perpendicular to the opening. The measurement area is set as 1.5 m in the horizontal direction from the plane of the opening and 1.8 m in the vertical direction from the lower edge of the opening, and the thermocouples were installed on a steel lattice with 0.15 m interstice. Furthermore, the temperature inside the fire compartment was measured by installing thermocouples at 0.15-m intervals in the vertical direction in the front left and the back right corner with respect to the opening. Moreover, a comparison of the temperature distribution was performed by recording the fire with a CCD camera installed laterally in the compartment. Figure 2 relates to the choice of the symbols, etc. used for processing the shape of the flame ejected through the opening in the compartment. The position of the tip of the flame was defined by using the values from the CCD camera.
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EXPERIMENTAL RESULTS AND DISCUSSION
Shape of the flame ejected through the opening
Figure 2 Conceptual diagram of flame condition (cross section)
Length of the ejected flame
The flame ejected from free space or from the compartment opening can be expressed together on the basis of formulae in which the dimensionless flame length and the dimensionless heat release rate are used as parameters. Therefore, with respect to the results of the present experiment regarding the flame length in the absence of wind, Figure 3 represents a plot of each parameter on the abscissa and the ordinate. Here,
Equation 1
gives the value of the dimensionless heat release rate Q, whereby it takes into account the burning of the gas outside of the compartment, which has not been burned up. In other words, the amount of heat released by the ejected flame is the sum of the enthalpy of the ejected current and the calorific value of the unburned gas. The calorific value of the unburned gas is written inside curly brackets {} in Equation 1, and the value is formed by subtracting the heat release rate of the combustion inside the compartment from the heat release rate of the fire source. Furthermore, the values of the mass flow rates m in and m out into and out of the compartment are inferred from calculation, 1) which takes into account the wind pressure. Consequently, the value of the ordinate becomes roughly 1, and it is considered that Equation 2 is also applicable in the case of the presence of wind.
(2) Figure 4 Flame lengths in the presence of wind
Vertical flame length in the presence of wind
By considering that there is a proportional relation between the climbing power of a flame, declined at an angle of θ, and the inertial force F r of a horizontal wind, Equation 3
can be expressed in the following way.
Based on the above assumption, Figure 5 represents a plot of the relation between the vertical flame length and the pairing parameter as the results of the present experiment.
Equation 4
gives the regression expression obtained through the experiment.
(4)
Figure 5 Vertical length of the flame
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Flame declination angle
The flame inclined angle is expressed as L v /L f from Equations 2 and 4. Consequently, the estimation model from the flame inclined angle is given as Equation 5.
(5)
IMPROVEMENT AND VALIDATION OF THE URBAN AREA FIRE PROPAGATION SIMULATION MODEL
Improvement of the model
In core models, the units are set as regions called compartments, and fire propagation in urban areas is regarded as the progression of fire within the compartments and the transferral of fire between compartments. Depending on the aspects of flame ejection, fire progression within the compartments is divided into 5 modes, as shown in Figure 6 , and the progression is regarded as a succession of modes. We have applied the relation formulae for the shape of the ejected flame, obtained from the present experiment,
as sub-models of heat sources outside the compartments to the existing core models. 
Validation through an idealized lattice-shaped urban area
Computational parameters
As shown in Figure 7 , an idealized urban area was assumed, whereby the 
Computational results
Pre-and post-improvement simulations were performed by changing the wind speed parameter, and the results of comparing the fire propagation speeds are shown in Table 2 . Furthermore, the fire propagation speeds (the differences in distance from the center/time of fire breakout) are taken between the building located in the middle of the picture, where the fire originated, and each building in an upwind, a downwind and a sideway direction. Since the results for the upwind and sideway directions are not very different, they are not discussed in the present paper.
The following tendencies were confirmed by the computational results:
(1) The fire propagation speed is higher for buildings with fragile constructions. Regarding the combustion configuration with respect to (1), taking the fire propagation for each type of construction as shown in Figure 6 , it is considered to be due to the fact that the thermal influence exerted on the vicinities of the fire compartment is different. Furthermore, as the wind speed increases, the flames ejected through the openings (model 1) become a stronger propagation factor, and the result is that the propagation speed increases for any type of construction. Regarding (2), since in the post-improvement model, as compared with the pre-improvement one, the declination angle of the flames ejected through the openings in the presence of low-speed wind is smaller, it is considered that the propagation speed is slowed down. 
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SUMMARY
In the present research, the experimental results were processed by using Q*, which takes into account the unburned gas when considering the length of the ejected flames, and a new flame shape model which is applicable in the presence of wind was constructed. Furthermore, by integrating the above model into a flame propagation simulation model, the fire propagation speeds were compared by making use of an idealized urban area. 
SYMBOLS
